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Executive Summary
The Economic Research Centre gratefully acknowledges the financial support of 
Agriculture Western Australia and the Australian Research Council for this project.
Part of the research carried out during the first year of the ERC-AGWEST project “Living Standards 
and WA Agriculture” is documented in this volume. The volume contains two papers that have been 
published and circulated as UWA Economics Discussion Papers (Nos. 99.11 and 99.18). Earlier 
versions of the papers were included in Research Report - 1998 and presented to AGWEST in 
March 1999. What follows is a summary of the research findings presented in the papers.
Western Australian Agriculture: Structure, Trends and Farming Systems (Discussion Paper 
No 99.18, Department of Economics, UWA, 1999)
This paper develops a substantial economic information base for WA agriculture. The paper 
highlights the importance of Western Australian agriculture and analyses how it differs from the rest 
of Australian (ROA) agriculture in terms of economic contributions, productivity growth and 
economic structure of a representative farm. Furthermore, it identifies a data set for econometrically 
estimating the production technology for WA agriculture.
The analysis in the paper reveals that:
• Agriculture plays a more important role in WA than in the ROA. WA’s share in the 
national gross value of agricultural production (GVAP) and exports are 15 and 16 percent 
respectively. These shares are much higher than WA’s share in the national GDP of 11 
percent.
• The structure of agriculture in terms of the product mix is also different for WA. Cereals 
production dominates WA agriculture, whereas Cattle & other livestock dominate the 
ROA’s production. Cereals account for over 40 percent of the State’s GVAP as against
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about 15 percent for the ROA. In contrast. Cattle & other livestock account for about 10 
percent in WA as against 25 percent for the ROA.
• The farm structure and the overall farming practices in WA are also different from the 
ROA. To elucidate this point, the paper compares a representative broadacre farm in WA 
with that of the ROA. It is found that the WA farm is more cost efficient. The WA farm is 
about 75 percent bigger in size than its national counterpart. However, the WA farm’s total 
cost is higher by only about 40 percent and the revenue higher by about 70 percent than the 
corresponding national estimates.
• ABARE’s data set for the broadacre agricultural zones appears to be suitable for the 
proposed econometric estimate of the agricultural production technology for WA. This 
selection of the data set is based on an extensive analysis of the farming characteristics of 
WA agriculture under five categories of regional and industry classifications.
Estimating the Agricultural Production System of Western Australia: A Profit Function 
Approach (Discussion Paper No 99.11, Department of Economics, UWA, 1999)
This paper econometrically estimates a disaggregated model of the agricultural production 
system for Western Australia. A profit function approach is adopted, which explicitly recognises 
jointness in agricultural production (e.g., jointness that exists in wool and sheep production). The 
paper presents estimates of elasticities of supply responses and input demands in WA agriculture. 
The estimates are compared with those of previous studies. The following points may be noted:
• For WA agriculture, up-to-date and reliable estimates of the output supply and input 
demand responses to prices (called price elasticities) are lacking. Although the national 
estimates are available, as the structure and farming practices in WA agriculture are 
significantly different from those of the rest of Australia, prima facie it will be misleading 
to specify the agricultural production system in WA using the existing national estimates.
• The paper gives estimates of price elasticities of output supply and input demands. In 
general, our estimates appear to be larger than the previous estimates for WA. The 
differences may be attributed to the different data sets, input-output classifications as well 
as the different functional forms used in the studies under review. If anything, our estimates 
suggest that WA agriculture is more responsive to price changes than suggested by the 
previous study.
• Our estimate of the own-price elasticity for Grains (predominantly, wheat) is 1.23. This 
implies that, in expectation of a 10 percent increase in the price of Grains with no possible 
changes in prices of inputs or other outputs, farmers will increase the production of Grains 
by about 12.3 percent. The comparable national estimate (for wheat) is, however, twice as 
big. This may be attributed to varying climatic conditions and farm practices in WA 
compared to those in the ROA.
• One parameter of particular importance is the own-price elasticity of wool production. Our 
estimate for this is .53 which, although higher than the national estimates, is still 
significantly less than unity. The elasticity estimate implies that a 10 percent fall (or rise) in 
the expected price of wool will induce only a 5 percent decline (or increase) in wool 
production. Accordingly, in the face of an expected sharp fall in wool prices, with no 
offsetting changes in prices of other outputs and inputs, WA woolgrowers may incur 
significant losses.
• The estimated elasticities capture the links between outputs, inputs and their prices in WA 
and therefore provide economically useful information. In particular, these estimates can be 
used to quantify the likely adjustments that would take place in the planned outputs in 
response to any expected changes in prices of outputs and inputs. However, in view of the 
assumptions that underlie the model, one must exercise appropriate caution in interpreting 
the elasticity estimates.
• The interactions of the WA agricultural sector with the rest of the state economy are 
important and should be incorporated for quantifying the general-equilibrium (as opposed to 
partial-equilibrium) supply responses. In fact, the estimated agricultural model with its 
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ABSTRACT
The impact of state and national policies on the Western Australian (WA) agriculture can not 
be assessed realistically unless the distinctive characteristics of WA agriculture are taken into 
account. The objective of this paper is to develop and document an economic information 
base for WA agriculture by identifying and exploring the main characteristics of its 
production systems. The study reveals that agriculture plays a more important role in WA 
than in the rest of Australia (ROA). The share of WA in the national gross value of 
agricultural production and exports is much higher than her share in the national gross 
domestic product. The structure of agriculture in terms of product mix is different for WA 
than for other states in Australia. The farm structure and the overall farming practices in WA 
are also different from the ROA. The production concentration and product-mix of WA 
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Farming in general is a volatile business. Climatic uncertainties, fluctuations in commodity 
prices, sensitivity to cost increases and the perishable nature of farm products all contribute to 
its volatility. Farming also involves the production of more than one commodity. For example, 
sheep are raised to produce both meat and wool, and cattle for meat and milk. The level of 
volatility and the composition of commodities produced, however, depend on a number of 
factors. In particular, they depend on the location of the farm in terms of geo-climatic 
conditions and access to markets. To what extent the WA agricultural production systems are 
influenced by the above factors and how the systems are different from those of the rest of 
Australia (ROA) are not clearly known. Such information is important to policy makers and 
agri-industry stakeholders to formulate strategic courses of action for sustained development 
of the sector. If state and national policies do not take such information into account, they may 
fail to produce desired outcomes for the state economy. The main objective of this paper is to 
develop and document an economic information base for WA agriculture with a view to 
exploring and identifying the main characteristics of the agricultural production systems in 
WA.
The paper is organised into four sections. In Section 2, the difference between the WA 
and the rest of Austrahan (ROA) agriculture in terms of relative economic performance, 
production structure, and output and productivity trends, is examined. Average farm structure 
and production patterns are also examined with a view to exploring the relative importance of 
major agricultural commodities. To get a feel for ‘jointness’1 in the agricultural production 
systems in WA, WA agriculture is further investigated under a number of regional and industry 
classifications in Section 3. Spatial concentration of agricultural commodities in WA is also 
identified in this section. This provides more insight into the farming and grazing practices in 
WA. The report is summarised in the final section.
The term ‘jointness’ in a production system has several definitions (see Ahammad and Islam, 1999). Here, 
jointness is meant to imply that the decision to produce one commodity affects the production decisions for 
other commodities.
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2. PERFORMANCE, STRUCTURE, AND TRENDS IN 
AGRICULTURE: WA vs REST OF AUSTRALIA
Western Australia’s economic, regional and rural development has long been reliant upon the 
success of its agricultural industries. In addition to providing a living for farmers and farm 
families and an economic boost to rural communities, agriculture contributes significantly to 
the overall economic and social well-being of all Western Australians. Agriculture provides a 
wide range of food and fibre for daily sustenance and also enriches the quality of life. Annual 
turnover for the food and beverage sector in WA was more than $3 billion in 1995/96 (DCT, 
1998).
The contribution of agriculture to the gross state product (GSP) is second to the mining 
sector in WA. Agricultural exports are expanding rapidly in WA and agriculture employs a 
substantial portion of the state labour force. To put these in a comparative perspective, this 
section compares the characteristics of WA agriculture with those of the agriculture in the 
ROA. The comparison is made in terms of economic contribution of agriculture, composition 
of agricultural production systems, trends of farm outputs and productivity, and farm 
production costs and revenue structures.
Contribution to economy
Contributions of agriculture to the economies of WA and the ROA are presented in Table 1. 
These contributions are five-year averages between 1991/92 and 1995/96. The share of WA in 
gross domestic product (GDP) of Australia is 11 per cent, whereas her share in the national 
gross value of agricultural production (GVAP) and the value of agricultural exports are 15 and 
16 per cent respectively (Column 4 of Table 1).
Agriculture contributes relatively more to the WA economy than it does to the economy 
of the ROA. Agriculture’s share in WA’s GSP is five per cent while it is three per cent for the 
ROA. The share of agricultural exports in total exports is 17 per cent in WA and it is 32 per 
cent in the ROA. The relative share of Agricultural export is less in WA, which is, of course, 
because of the largest share in exports for the WA mining sector. However, between 1991/92 
and 1995/96, the growth in this sector’s export in WA has been twice as much as the rate of 6
2
per cent for the ROA (Column 2 of Table 1). The share of this sector’s employment is also 
higher (six per cent) in WA than that in the ROA (five per cent).
TABLE 1
CONTRIBUTION OF AGRICULTURE TO THE ECONOMIES OF WA AND THE 
REST OF AUSTRALIA (FIVE-YEAR AVERAGE, 1991/92 TO 1995/96)
WA's share in 
Australia 
(per cent)
i ROA2Economics Indicators WA
(1) (2) (3) (4)
Gross State Product (GSP3) ($ million) 40,356 341,664 11
Agricultural Production
GVAP4 ($ million)
Value added5 ($ million)








(per cent of total export)





Persons ('000 full-time equivalent) 
(per cent of total employment)
366 1249
6 5
Source: ABS (Various issues), Catalogue No. 7503.0 and 1301.0, and AGWEST (1998b).
Note: 'WA = Western Australia; 2ROA = Rest of Australia; 3GSP is measured at factor cost; 4GVAP = 
Gross value of agricultural production; 5Value added of agriculture is measured at factor cost and 
the entries include agriculture, forestry and fishing sectors; 6The growth formula used is
Y = Ae8* where, Y is the value of export, A is the constant term, e stands for exponential, g is 
the growth parameter, and t is the time. The export growth is measured for the period between 
1991/92 and 1995/96.
The above analysis suggests that, in terms of production and employment, agriculture 
makes a greater contribution to the WA economy than to the economy of ROA. Between 




Agricultural commodities produced on Australian farms can be broadly classified as cereals, 
pulses and oilseeds, livestock and poultry, milk, horticultural crops, and wool. Cereals include 
wheat, barley, oats, rice, sorghum and triticale crops. Pulses include lupins, chickpeas, field 
peas, lentils and faba beans. Oilseed crops are mainly canola. Sheep and lambs, beef-cattle, 
pigs, and chickens are included under the livestock and poultry classification. Horticultural 
crops include wine grapes and other fruits, vegetables, flowers and nursery plants. The 
intensity of production of these crops and commodities varies from state to state and from 
region to region.
In Table 2 the share of GVAP for major commodity groups is compared between WA and 
the ROA. The share of WA agricultural commodities in their corresponding national GVAP is 
also presented in the table. The entries in the table are five-year averages between 1992/93 and 
1996/97. It is revealed that cereal grains dominate primary agricultural production in WA. The 
average value of production of cereals is about $1.7 billion and accounts for 44 per cent of the 
total GVAP in WA. Wheat alone accounts for about 41 per cent of the state GVAP. On the 
other hand, the share of cereal grains is only 16 per cent for the ROA’s total GVAP.
Meat (livestock and poultry) and wool have equal shares of 17 per cent of GVAP in WA. 
For the ROA, the GVAP share for meat and wool are 28 and 10 per cent respectively. Clearly, 
meat dominates in the ROA’s economy as against cereals in WA. Horticulture is the second 
(17 per cent of GVAP) dominant commodity in the ROA’s production systems, whereas it 
accounts for about 9 per cent in WA’s total GVAP.
In terms of WA’s share in the national agricultural production. Table 2 reveals that 
cereals, pulses and oilseeds, and wool are dominant. They account for 33, 34 and 24 per cent 
respectively. Many commodities that are less important in terms of their share of GVAP may 
not be less important in terms of their contribution to the sustainable agricultural production 
systems in WA. For example, WA dairy and horticulture have their respective shares of three 
and nine per cent in the state’s total GVAP and their respective shares in national production 
are five and nine per cent. However, these commodities are regarded as critical for sustainable 
agricultural production systems in WA (AGWEST, 1997a, 1997b and 1998).
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TABLE 2
THE STRUCTURE OF AGRICULTURAL PRODUCTION IN WA AND THE 
REST OF AUSTRALIA (FIVE-YEAR AVERAGE, 1992/93 TO 1996/97)
iCommodities Share of GVAP 
(per cent)









Total meat (livestock and poultry)
Sheep and lambs 




Wool 17 10 24
Dairy 3 12 5
Horticulture 9 17 9
Others 3 15 4
Total 100 100 15
Source: ABS (Various issues), Catalogue No. 7503.0.
Note: ‘GVAP = Gross value of agricultural production; 2WA = Western Australia; and 3ROA = Rest of 
Australia.
Production trends
Average trends of farm outputs and total factor productivity (TFP) are measured using the 
ABARE’s (Austrahan Bureau of Agricultural and Resource Economics) farm productivity 
data series (ABARE, 1998)2. Applying the Tomqvist3 indexing procedure to the data, indexes 
for total outputs, total inputs and TFP of broadacre agriculture were estimated for the period 
between 1977/78 and 1996/97 for all Austrahan states. These indexes are used to examine the
2 For further information on the data, see Appendix A and B in Islam, 1999..
For details about the indexing procedures see. Islam, 1995, and Christensen, 1975.3
5
agricultural growth trends in WA relative to those in Australia as a whole. Note that Western 
Austraha is included in Australia4.
The total output growth in Figure 1 reveals that the trends were increasing for WA as 
well as for Australia between 1977/78 and 1996/97. The relative rate of growth was greater 
for WA, particularly from 1987/88 onwards. However, between 1993/94 and 1994/95 the 
growth of output had declined both nationally and in WA.
FIGURE 1














1977/78 1979/80 1981/82 1983/84 1985/86 1987/88 1989/90 1991/92 1993/94 1995/96
Note: Australia includes Western Australia
The average annual productivity growth rate for WA agriculture is compared with that of 
all Australian states in Table 3. The overall productivity of WA agriculture grew by 3.3 per 
cent per annum over the period from 1977/78 to 1996/97. In this 20-year period this growth 
rate is the highest among all Australian states. As can be seen in Column 1 of Table 3, the 
growth rate of WA was equalled only by that of SA and was significantly higher than the 
national average of 2.5 per cent (AGWEST, 1998).
4 A composite data set for the ROA was not readily available. However, separate data was available for each 
Australian state. Based on the state-wise data, compilation of a composite database for the ROA is possible 
but it is likely to involve a considerable amount of time and resource. It was therefore avoided.
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TABLE 3.
ANNUAL GROWTH OF TOTAL FACTOR PRODUCTIVITY IN 
AGRICULTURE BY AUSTRALIAN STATES
Per cent per annum
1977/78 1977/78 1987/88
to to to
States 1996/97 1987/88 1996/97
(1) (2) (3)
WESTERN AUSTRALIA 3.28 2.96 4.09
Victoria 2.29 2.42 2.91
Tasmania 1.92 2.16 2.96





AUSTRALIA 2.54 2.31 3.00
Source: AGWEST (1998).
Note: Column (1) presents the TFP growth rate for the total 20-year period whereas columns (2) and (3)
present the same for the first and second decades respectively. However, both the decades are inclusive 
of the year 1987/88. As a result the first decade is comprised of one additional year.
By dividing the total 20-year period into two decades we find that, in the second decade 
(from 1987/88 to 1996/97), the productivity growth rate for WA agriculture was the highest 
(4.1 per cent) among all states. The national average growth rate was of 3.0 per cent. As 
shown in Table 3, the productivity of WA agriculture has increased at a greater rate in the 
decade ending in 1996/97 than in the preceding decade that ended in 1987/88. However, 
Figure 2 indicates that between 1993/94 and 1994/95 productivity trends for both the WA and 




TRENDS OF TOTAL FACTOR PRODUCTIVITY IN WA AND AUSTRALIAN 
AGRICULTURE, 1977/78-1996/97 (1987/88=100)
180 -|
160 - Growth p.a. 
AUS =2.54% 







1977/78 1979/80 1981/82 1983/84 1985/86 1987/88 1989/90 1991/92 1993/94 1995/96
Note: Australia includes Western Australia
Average farm structure
Average structures for WA and Australian broadacre farms are given in Table 4. Entries in the 
table are based on the ABARE’s farm productivity data set (ABARE, 1998) and they are of 
five-year average between 1992/93 and 1996/97.
A comparative analysis indicates that the average farm operating size in WA is 10.7 
thousand hectares, which is 75 per cent bigger than the national average of 6.1 thousand 
hectares5. Average production costs per farm are $293 thousand in WA as against $209 
thousand for Australia. The total values of average farm revenue are $286 thousand and $170 
thousand for WA and Australia respectively6.
5 For the revenue and cost comparisons all percentages are calculated following the approach used for the
farm operating size in Table 4 e.g. [(10.7 - 6.1) 6.1] x 100 = 75 per cent. Note that rounding error may
persist.
6 Note that the total value of cost is greater than the total value of revenue for both WA and Australian famis. 
This is because of the real rate of interest that is used to calculate the opportunif ost of capital was from 
the lower end of the range of rates offered by financial companies associated ■ he major trading banks 
(for further explanation see Appendix B in Islam, 1999).
8
Although the average farm size is higher by 75 per cent in WA the average cost per farm 
is higher by 40 per cent and the average revenue per farm is higher by 68 per cent than that of 
a national average farm (Column 4 of Table 4). This is, perhaps, due to the relatively lower 
capital cost of land in WA.
TABLE 4
AVERAGE FARM STRUCTURE IN WA AND AUSTRALIA, 
(FIVE-YEAR AVERAGE FROM 1992/93 TO 1996/97)
Difference 



















Total 100 100 -20
(Per cent of total)Revenue structure
Cereal crops 
Pulses and oilseeds 
Wool












defined as the land (both agricultural and pastoral) area operated; 3Capital includes land and 
livestock inventory. 4Rounding error may persist.
Australia includes Western Australia;2A farm is a broadacre farm and its size is
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A comparison of per hectare costs of major inputs reveals that, except for the materials 
cost, all other costs are lower for WA farms than for all Australian farms. The capital cost is 
lower by about 33 per cent and overall, the total cost per hectare is lower by 20 per cent. On 
the other hand, the total revenue per hectare is lower by four per cent in WA. However, the 
revenue for cereals production is 61 per cent higher and for wool it is six per cent higher in 
WA.
An investigation into the per hectare cost structure reveals that the share of capital cost is 
42 per cent for an average Australian farm while it is 35 per cent for an average WA farm 
(Table 4). However, the share of materials cost is 28 per cent for WA while it is 20 per cent 
for the national average. In terms of labour and services costs, the WA averages are more or 
less the same as their national counterparts.
In terms of per hectare revenue structure, it is revealed in Table 4 that, cereal crops and 
wool are the major sources of farm revenue in WA agriculture. They jointly comprise about 70 
per cent of the revenue. However, for the national average farms cereals and cattle enterprises 
are the major revenue sources. Their joint share of the revenue is about 60 per cent.
From the above analysis, it can be summarised that agriculture’s contributions to overall 
economic activity (measured by gross state product (GSP)/gross domestic product(GDP), 
exports and employment) are significantly higher in WA than the ROA. The structure of 
agriculture, in terms of what commodities are produced and in what proportions, is also 
remarkably different in WA than the ROA. In the decade ending in 1996/97, the productivity 
growth for WA agriculture was the highest among all states. Evidently, the average farm- 
structure and overall farming practices are different in WA. Our analysis indicates that WA 
farms are relatively cost efficient with respect to most production factors, and they have 
comparative advantages in the production of certain agricultural commodities. This 
information is very useful for understanding and developing effective policies on issues related 
to WA agriculture.
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3. CHARACTERISTICS OF FARMING AND 
GRAZING INDUSTRIES IN WA
In this section, the characteristics of agricultural commodities under different farming and 
grazing industry classifications are briefly described. We also present an analysis of the spatial 
concentration and the output-mix of major agricultural commodities based on each of these 
classifications. Our purpose is to identify the levels of variation in the WA agricultural 
production-mix due to farm locations and industry classifications
Among other things, geo-climatic conditions are major determinants of the characteristics 
of farming and grazing industry. In Austraha farming and grazing industries are classified in a 
number of ways. Based on a Uterature search and consultation with related experts in 
AGWEST we were able to identify five categories of classifications for the WA agriculture.
Since the beginning of the sample farm survey (known as AAGIS - Austrahan 
Agricultural and Grazing Industry Survey), the ABARE, (previously known as the Bureau of 
Agricultural Economics (BAE)) has been classifying Australian agriculture into three climatic 
zones7. This classification is mainly based on rainfall patterns that influence farming and gazing 
characteristics. In its sample farm survey, ABARE also classifies agriculture into industries 
based on the Austrahan and New Zealand Standard Industry Classification (ANZSIC). In 
addition to ABARE’s classifications. Agriculture Western Austraha (AGWEST) classifies WA 
agriculture into three other regional categories with respect to the agency’s crop variety 
sowing guide (AGWEST, 1998a) and its Sustainable Rural Development (SRD) program. Ah 
these classifications are summarised in Table 5.
The commodity groups specified in the analysis are based on the industry programs of the 
AGWEST (see Islam and Johnson, 1997). The data sources used for this analysis are the 
‘Agstats’ program (ABS, 1997a) and the Austrahan Farm Survey Report (ABARE, 1997). 
For ah the regional classifications the share of gross value of agricultural production (GVAP) 
is used to measure the level of spatial concentration and the output-mix in WA agriculture. 
However, for the broadacre and dairy industry classification (Column 2, Table 5) the analysis 
is on the measurement and distribution of average farm revenues and costs for different 
commodity and input groups.
7 The terms zone and region are interchangeably used in this study.
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TABLE 5
CLASSIFICATIONS OF WESTERN AUSTRALIAN FARMING AND GRAZING INDUSTRIES
Broadacre and dairy1’ 
industries
Climatic zones3 Crop variety sowing areas by Crop variety sowing areas by
temperature zones6
Sustainable Rural 
Development regions6 rainfall zones'1
(4) (5)(2) (3)(1)
1. Very high (>750 mm)
2. High (450 to 750 mm)
3. Medium (325 to 450 
mm)
4. Low (<325 mm)











4. South-central4. Central4. Kimberley
5. Northern 5. South5. Sheep-beef
6. Dairy 6. Kimberley
Notes:
3 ABARE (the then BAE) has classified Australian farms into first three geographic zones. This classification is mainly based on rainfall patterns. The Kimberley, 
which forms a part of the Pastoral zone but, because it specialises in beef, is treated separately in this study.
b ABARE also classifies the AAGIS data into these broadacre and dairy industries (ABARE, 1997).
6 This classification is done by the Sustainable Rural Development program of AGWEST. The delineation of SRD regions is not totally based on agro-climatic
criteria (see Figure 4). It is also based on local administration and community development reasons (Denis Van Gool and Alan Herbert, AGWEST through personal 
communication)
d AGWEST has further classified the agricultural area according to rainfall patterns for its crop variety trials (AGWEST, 1998a).
6 This classification is also done by AGWEST and is based on the differences in the duration of daylight and temperature between south and north. This agricultural
region includes a small part of the south-west border of the pastoral zone but does not include the Kimberley zones (AGWEST, 1998a).
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Climatic zones
Under this classification the WA agriculture is divided into four zones. The first three of 
these zones are: the high rainfall (HR), wheat-sheep (WS), and the pastoral (PAS) zones. 
These zones correspond to the three national climatic zones adopted by ABARE (ABARE, 
1997). The fourth zone is the Kimberley, which is separately identified in the Agstat data 
(ABS, 1997a). The Kimberley is, in fact, a part of the PAS zone in ABARE’s classification 
(Figure 3). Davidson (1990) has divided the PAS zone into north and south. Kimberley falls 
under the north part of the zone. Because of the specialist beef industry located in northern 
Australia, it is also called the ‘northern beef zone (Higgs, 1986).
FIGURE 3
MAP OF AUSTRALIA SHOWING WESTERN AUSTRALIAN 
FOUR CLIMATIC ZONES
An elaborate description of characteristics of these zones is given by Davidson (1990) and 
ABARE (1997). Following Davidson and ABARE, the characteristics of these zones relevant
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to this study are reviewed. Based on the Agstat data for 1995/96 (ABS, 1997a) some of these 
characteristics are verified by an analysis of the share of gross value of agricultural production 
(GVAP) by commodities.
High rainfall (HR) zone: South-Western part of Western Australia falls under this farming 
zone. The geo-physical characteristics of this zone are that its average annual rainfall ranges 
between 450mm to more than 750mm. Its topography is steeper other zones. Adequate water 
supply is available and the humidity percentage is high in the area. These characteristics make 
it difficult to grow grain crops economically in lands under this zone. It is evident in Table 6 
that cereal grains contribute only four per cent to the regional GVAP, whereas meat, dairy and 
horticultural outputs jointly contribute about 76 per cent.
With improved pasture, which can carry from 10 to 15 dry sheep equivalents per hectare, 
farmers can produce wool, prime lambs or high quality beef and veal (Davidson, 1990). The 
choice of three major commodities gives the farmer some protection against price fluctuations, 
although beef and prime lambs are sold in a free market where prices are determined by meat 
export prices.
Because of topographical limitation large machinery can not be used economically. 
Fencing is the main capital cost. Revenues obtained from sales of major commodities vary with 
the degree to which individual farmers specialise in each of the commodities and with the 
prices obtained from them.
Wheat-sheep (WS) zone: The last row in Table 6 indicates that about 73 per cent of the 
state GVAP is generated from this zone. Given the climate and topography this area is utilised 
mainly for producing wheat and sheep. It is revealed in Table 6 that cereal grains contribute 
about 64 per cent and sheep and wool combined contribute about 21 per cent to the zonal 
GVAP.
Land with pasture is capable of carrying seven to 12 sheep per hectare and pasture can be 
rotated with wheat to maintain the nitrogen status of the soil (Davidson, 1990). Thus wheat 
and sheep are considered enterprises complementary to each other. Wheat and sheep farmers 
have the flexibility to increase or decrease the wheat area in response to its price changes and 
can alter sheep or cattle numbers to compensate for this change.
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TABLE 6
THE SHARE OF GROSS VALUE OF AGRICULTURAL PRODUCTION BY MAJOR 
COMMODITY GROUPS IN WA FARMING AND GRAZING ZONES, 1995/96







Per cent of total GVAP
64 0 484 1Cereals
67 0 01Pulses and oilseeds
57 1610 3031Meat
5614 2 22 6Beef-cattle
Sheep 0 64 6 7
0 0 22 1Pigs
1 311 0 1Poultry
0 0 1 314Dairy
Horticulture 0 24 33 931
45 0 14158Wool
0 0 0 28Pastures for hay
100 100 100 100100Total
$ million
69 4,4893,294 1091,017Total GVAP
(100)(73) (2) (2)(23)
Source: ABS (1997a).
Note: (1) Figures in parentheses are percentages of the total Western Australian GVAP ($4,489 million). (2) The column sum of the GVAP share may be 
less than 100 per cent. The residual share should be treated as the GVAP contribution of other minor items.
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It is possible to use large machinery and reduce the amount of labour needed to produce 
crops. As in the high rainfall zone, rabbit-proof fencing is used to prevent vermin. Water for 
livestock is sourced from dams or, in some areas, water is transported from a water supply 
system in pipes or in open channels from the higher-rainfall areas to the drier parts of the zone. 
Machinery, improvements and livestock are the major capital items.
Pastoral fPASl zone: The pastoral zone is utilised by the native vegetation. Sheep are the 
main grazing animals in this area. It is evident in Table 6 that the sheep meat (seven per cent) 
and wool (45 per cent) jointly contribute about 52 per cent to the zonal GVAP.
The average area of stations is about 60,000 hectares (Davidson, 1990). Water for livestock 
is sourced either from bores or dams. Properties are fenced and subdivided. As fencing is 
expensive, improvements, together with livestock, are a high proportion of the capital required. 
Station owners in the favourable rainfall areas can also grow wheat in response to higher wheat 
prices.
It is evident in Table 6 that cereals constitute only about one per cent of the GVAP in the 
zone. However, in addition to the contribution of beef-cattle which is 22 per cent, it is evident in 
Table 6 that horticulture is the third major contributor (24 per cent) to the GVAP of PAS zone. 
Fruits and vegetables are the dominant horticultural crops. Nevertheless, the climate is 
extreamely variable and sheep and cattle are sold on an unprotected market (Davidson, 1990). 
Net returns vary widely with seasonal conditions and sheep and cattle prices.
Kimberley (Northern beef) zone: Beef-cattle are the principle grazing animals in this area. 
More than 55 per cent of this regional GVAP is generated from beef-cattle production (Table 
6). These cattle depend almost entirely on native vegitation. In the Kimberley most holdings are 
200,000 to 500,000 hectares in area and graze 5,000 to 10,000 cattle (Davidson, 1990).
Stations in the Kimberley are remote from markets and sources of supply, and can carry 
one animal per 20 hectares. Properties are unfenced and water is often only available from 
natural sources. The beef produced is normally only suitable for manufacturing purposes. As 
prices for this quality of beef are low, many cattle from the Kimberley are sold as steers and 
either taken by road train or driven overland in to the better grazing lands for fattening. 
Livestock are the major capital items. The total capital requirements for an extensive holding 
may go over $2 million in the Kimberley because of large herds.
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The major resources used are labour and vehicles. Almost all returns are obtained from the 
sale of cattle and horticultural products. Next to the beef-cattle, horticultural products 
contribute about 35 per cent to the regional GVAP (Table 6). Vegetables and fruits are the 
major components of this output. Beef is sold on a free market and most of it is exported 
(Davidson, 1990). The prices received by the station owners, and eventually their profits, are 
determined by the export price of cattle. Taking account of both the export market fluctuations 
and the policies of importing countries is critical for these station owners.
In terms of spatial concentration and the mixture of commodity production Table 6 reveals 
that the crop production activity is mainly concentrated in the WS zone where wool is the 
second major commodity. Overall, the WS zone contributes about 73 per cent of the GVAP in 
Western Australia. The largest share of this contribution is generated from cereals (64 per cent), 
of which wheat is the major component. The second and third largest contributions are from 
wool (15 per cent) and meat (10 per cent) production.
In the HR zone meat and horticultural commodities are dominant. Each contributes 31 per 
cent to the zonal GVAP. Dairy is the second important commodity in this zone. Although its 
contribution to the state GVAP is only 23 per cent the output-mix in production is dominant in 
this zone.
The share of the pastoral zone, including the Kimberley, in the state GVAP is only four per 
cent. However, in the PAS zone the output-mix is dominated by wool, meat and horticultural 
production. Their respective share in the zonal GVAP are 45, 30 and 24 per cent. In the 
Kimberley (Northern Beef) zone about 57 per cent of the GVAP is generated from beef-cattle 
production and 33 per cent from horticultural commodities.
It is interesting to note that none of the zonal output-mixes closely follows the output-mix 
of the state as a whole. However, the pattern for the WS zone is roughly similar to that of the 
state as a whole
Broadacre and dairy industries
This classification relates mainly to certain types of commodities and is based on the Australian 
and New Zealand Standard Industry Classification (ANZSIC) (ABS, 1993). Including dairying 
agriculture is classified into six industries as follows (Column 2 in Table 5).
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Wheat and other crops (ANZSIC code 0121): In this broadacre industry, farms are mainly 
engaged in growing cereals or coarse grains or other cereal crops. This class also includes units 
mainly engaged in growing oilseeds, peanuts, lupins, dry field peas or beans (ABS, 1993, p. 26).
Mixed livestock-crops (ANZSIC code 0122): Farms in this class are mainly engaged in 
growing cereal grains mixed with sheep fanning, or cereals grains mixed with beef-cattle 
farming. (ABS, 1993, p. 27).
Sheep (ANZSIC code 0124): This class consists of farms mainly engaged in sheep farming. 
The main activities of this class are sheep farming, prime lamb raising and wool growing (ABS, 
1993, p. 27).
Beef (ANZSIC code 0125): Farms mainly engaged in beef-cattle farming and operating 
beef-cattle feedlots are also included in this class (ABS, 1993, p. 28).
Sheep-beef (ANZIC code 0123): Farms mainly engaged in both sheep and beef-cattle 
farming (ABS, 1993, p. 27).
Dairy (ANZSIC code 0130): Farms mainly engaged in dairy cattle farming. The main 
activities are dairy cattle fanning and raw milk production. (ABS, 1993, p. 28).
Under this classification, the average annual revenues and costs per farm for the industries 
are presented in Table 7. As farms in each industry of this classification are engaged mainly in 
producing some specific commodities the revenue share for an average farm is also dominated 
by those commodities. The commodity-mix in production appears to be relatively dispersed in 
the mixed livestock-crops, sheep, and sheep-beef industries. In the mixed-livestock-crops 
industry about 70 per cent of the farm revenue share is comprised of wheat (27 per cent), wool 
(27 per cent) and sheep (15 per cent). In the sheep industry both sheep and wool jointly 
constitute about 90 per cent of the revenue. About 95 per cent of the farm revenue is shared by 
beef-cattle (33 per cent), wool (46 per cent) and sheep (15 per cent).
The materials and services component dominates the cost structure in each industry, 
accounting for between 61 (beef industry) to 84 per cent (wheat and other crop industry) of the 
total cash costs (Table 7). However, it appears that relatively greater proportion of this cost is 
accounted for by the industries dominated by crop production. On the other hand, the labour 
share of total costs is higher in industries dominated by livestock production.
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TABLE?
THE SHARE OF REVENUE AND COSTS BY MAJOR OUTPUT AND INPUT GROUPS IN WA 











Dairy industrySectors and inputs





0 0 0 0
7 11 0 0 1 0
10 2 0 0 0 0
Meat
0 4Beef-cattle 2 78 33 18
4 15 25 0Sheep 15 0









0 0 0 0 0 6
0 0 0 0 0 73
6 27 62 0 46 0
2 6 2 15 1 1
4 8 5 6 3 2
100 100 100 100 100 100
Cost share: per cent of total costs)
5 11 15 10Labour
Capital




8 7 6 9 10 14
84 77 62 61 63 76
2 5 17 15 12 5
01 41 1 0
100 100 100Total cash costs 100 100 100
Source: ABARE (1997).
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Sustainable Rural Development regions
According to the Sustainable Rural Development (SRD) program of the AGWEST the Western 
Australian agriculture is classified into six regions (see Column 3 in Table 5 and Figure 4). The aim 
of the SRD program is to provide decision making abilities and enterprise opportunities, and 
thereby improve the capacity of farmers to sustain long term profitability.
FIGURE 4
SUSTAINABLE RURAL DEVELOPMENT REGIONS IN WA
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As the program mission is to work with rural communities to build a strong agricultural system 
that maintains a healthy environment and contributes to rural economics and social well-being, the 
delineation of the boundary of an SRD region is not totally based on agro-climatic reasons. It is 
also based on local administration and community development reasons.
The combination and spatial concentration of agricultural commodities produced in the SRD 
regions are analysed in Table 8. As in Table 6, the last row of the table presents the share of the 
state GVAP ($4489 million) by SRD regions. It appears that the South West, Northern, and central 
regions combined constitute about 80 per cent of the total GVAP, with the Central region being 
the highest (34 per cent). Within the Central region the share of GVAP is dominated by cereals (71 
per cent). In the Southern Rangeland (which has a similar characteristics to the pastoral zone in 
Table 6), wool and horticulture appeared to be the dominant and in the South West the GVAP is 
dominated by a mix of dairy, horticultural, meat and wool commodities. The diversity in 
commodity production appears to be the highest in this region. However, relative to the climatic 
zone classification, it is likely that there are more variations in the farm production patterns within a 
SRD region than between the regions (Alan Herbert, AGWEST, personal communication).
Zones by crop variety sowing guide
The AGWEST, in its crop variety sowing guide, has further classified the state’s agricultural area 
according to rainfall, daylight and temperature patterns, for its crop variety sowing guide (see 
Columns 4 and 5 in Table 5). The area covered by the is mainly composed of the HR and WS 
zones as classified above. Other than a small area along the South West border of the PAS zone, 
the whole of PAS zone and Kimberley are not included in this area (see Figure 5).
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TABLES
THE SHARE OF GROSS VALUE OF AGRICULTURAL PRODUCTION BY MAJOR 





South South West Northern 
Coast
Sectors
Per cent of total GVAP
55 71 16 0 4852 16Cereals
61 02 11 77Pulses and oilseeds
25 57 1626 13 816Meat
618 5610 5 17Beef-cattle
Sheep 0 66 5 68 5
20 02 2 11Pigs
30 19 00 1Poultry
30 0 111 01Dairy
Horticulture 33 824 5 0 211
1437 012 12 1219Wool
0 0 22 6 1 0Pastures for hay
100 100 100100 100 100 100Total
$ million
69 4,489876 126743 1,152 1,523Total GVAP
(2) (100)(26) (20) (34) (3)(17)
Source: ABS (1997a).
Note: (1) Figures in parentheses are percentages of the total Western Australian GVAP ($4,489 million). (2) The column sum of the GVAP share may 
be less than 100 per cent. The residual share should be treated as the GVAP contribution of other minor items.
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FIGURES
MAP OF WESTERN AUSTRALIA SHOWING THE 
AREAS OF CROP VARIETY SOWING GUIDE
Crop variety sowing areas classified by rainfall zones
The GVAP share of commodities in this classification is presented in Table 9. The table indicates 
that high, medium, and low rainfall zones jointly constitute more than 80 per cent of the state’s 
GVAP and cereals is the dominant commodity in all these zones.
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TABLE 9
THE SHARE OF GROSS VALUE OF AGRICULTURAL PRODUCTION BY MAJOR COMMODITY GROUPS IN THE 
AREAS OF CROP VARIETY SOWING GUIDE IN WA, CLASSIFIED BY RAINFALL ZONES, 1995/96




% of total GVAP
Cereals 3 40 68 79 1 0 48
Pulses and oilseeds 0 7 8 6 0 0 6
35 19Meat 7 6 30 57 16
Beef-cattle
Sheep
13 7 2 1 22 56 6
1 9 5 3 7 0 6
2 2Pigs 1 2 0 0 2
Poultry 18 1 0 0 1 1 3
Dairy
Horticulture
21 1 0 0 0 1 3
27 9 2 0 26 33 8
Wool 2 20 12 7 42 0 14
Pastures for hay 9 2 0 0 0 0 2
Total 100 100 100 100 100 100 100
$ million
Total GVAP 575 1,630 1,621 493 101 69 4,489
(100)(13) (36) (36) (11) (2) (2)
Source: ABS, 'Agstats' program (1997)
Note: (1) Figures in parentheses are percentages of the total Western Australian GVAP ($4,489 million). (2) The column sum of the GVAP share
may be less than 100 per cent. The residual share should be treated as the GVAP contribution of other minor items. (3) Figures for the Southern 
Rangeland are different from that in Table 8. In this table some areas from this region are counted in the low rainfall region.
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The very high rainfall zone constitutes only 13 per cent of the state GVAP (of $4,489 million) 
but the mix of commodity production is prominent in this zone. About 80 per cent of the GVAP is 
shared by the meat (35 per cent) (where beef-cattle and poultry are the majority), dairy (21 per 
cent) and horticultural (27 per cent) commodities. The GVAP shares of commodities for the 
Southern Rangeland region presented in Table 9 are slightly different from those in Table 8. As 
explained elsewhere, this difference is due to some areas from the Southern Rangeland region being 
counted for the low rainfall region.
Crop variety sowing areasclassified by temperature zones
In this category of regional classification, apart from the Southern Rangeland and Kimberley 
regions, the pattern of commodity-mix changes gradually as we move from north to south of the 
state (Table 10). The total GVAP of the Central, South-Central, and South are relatively higher 
ranging from 22 to 26 per cent (see the last row in Table 10) and dominated by cereals. However, 
northern regions have less commodity-mix (mainly crops) in production than the southern regions. 
Except for the North zone, which is dominated mainly by cereals, a varying degrees of commodity- 
mix in production exists in other regions (excluding Southern Rangeland and Kimberley).
The farming system is known to vary remarkably between rainfall zones and also between 
southern and northern zones due to variations in daylight and temperature range. In the Very High 
rainfall region mostly dairy and livestock farming is done. In the lower rainfall regions grains and 
grain-sheep farming is done (AGWEST, 1998a). In the south longer duration crops and live-stocks 
are produced while in the north shorter duration crops are produced. Farm size in terms of area 
under operation gets bigger to the north and smaller to the south (AGWEST, 1998a).
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TABLE 10
THE SHARE OF GROSS VALUE OF AGRICULTURAL PRODUCTION BY MAJOR COMMODITY GROUPS IN THE 










Per cent of total GVAP
56 066 61 48 33 1 48Cereals
9 4 5 5 0 0 615Pulses and oilseeds
30 57 168 11 19 12 20Meat
4 4 4 22 56 61 10Beef-cattle
Sheep 4 6 8 7 0 64 5
2 2 2 1 0 0 21Pigs
2 0 9 0 0 1 1 3Poultry
5 5 1 30 0 3 0Dairy
Horticulture 4 14 3 11 26 33 80
16 428 11 9 20 0 14Wool
0 2 2 4 0 0 20Pastures for hay
100 100 100 100 100 100 100100Total
$ million
668 1,187 1,017 101 69 4,489
(100)
440 1,007Total GVAP
(15) (26) (23) (22) (2) (2)(10)
Source: ABS (1997a). 
Note: See notes in Table 9.
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4. SUMMARY AND CONCLUSIONS
An attempt has been made in this paper to develop and document an economic information base for 
WA agriculture with a view to exploring and identifying the main characteristics of the WA 
agricultural production systems.
As discussed in Section 2, Western Australian agriculture differs from the rest of Australian 
(ROA) agriculture in terms of the sector’s economic contributions, productivity growth, and farm 
production efficiency. The comparative analysis revealed that agriculture plays a greater role in 
WA than in the ROA. Agriculture contributes more to the WA economy with respect to the value 
of production and the number of jobs in particular. Also, WA’s contribution to national agricultural 
outputs is substantial.
The structure of agriculture in terms of what commodities are produced and in what 
proportions, is also remarkably different in WA than in the ROA. The average farm structure and 
overall farming practices are also different in WA. The analysis indicates that WA farms are 
relatively cost efficient.
In Section 3, the regional and output-mix characteristics of WA agriculture are investigated 
under five categories of regional and industry classifications. Not surprisingly, the study revealed 
that in all the five categories of regional/industry classifications, the production concentration and 
production-mix vary from one classification to the other. However, in all the five regional areas 
agriculture is very much influenced by the rainfall patterns and topographic conditions. The 
agricultural production is mainly concentrated in the central-west part of the state where the 
production of cereal grains is dominant. On the other hand the mix in commodity production is 
highly dispersed in the south and south-west parts where the annual rainfall is higher and the 
topography is steeper.
In many respects this study indicates that the WA agricultural production systems are different 
from that of the ROA agriculture. Even within WA there are variations in the production patterns 
from one region to the other. While developing policies on issues related to agriculture, such 
variations in the characteristics of WA agriculture should be taken into account. Otherwise, a 
policy may not provide the desired state and regional outcomes.
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ABSTRACT
To make credible projections of the magnitude and direction of agricultural 
production responses to changes in (say) government policies or world prices, the 
decisions of farmers with regard to the output mix and input uses need to be modelled 
realistically. The objective of this paper is to estimate a disaggregated model of the 
agricultural production system for Western Australia. It presents estimates of 
elasticities of supply responses and input demands in WA agriculture. A profit 
function approach is adopted, which explicitly recognises jointness in production. 
The estimates are compared with those of previous studies. Our estimates, in general, 
appear to be larger than the previous estimates for Western Australia and, if anything, 
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1. INTRODUCTION
The main objective of this paper is to estimate a disaggregated model of the 
agricultural production system for Western Australia (WA). To determine the future 
course of their actions, policy makers and the agri-industry stakeholders often require 
empirically-based answers to questions such as: How would certain government 
policies affect the decisions of WA farmers regarding the output and input mix? How 
would farmers adjust their production in response to changes in world prices? The 
model will provide some useful information which can be utilised to make realistic 
projections for the direction and extent of the responses of WA farmers under such 
circumstances.
It is important that the WA production system is modelled realistically. As the 
structure and farming practices in WA agriculture are significantly different from 
those of the rest of Australia (Islam, 1999a), prima facie it will be misleading to 
specify the state agricultural production system using the existing national estimates.
Estimates for the output supply and input demand responses are lacking for WA 
agriculture. Only recently, Coelli (1996) has presented such estimates while 
investigating the productivity growth in broadacre agriculture in WA. He uses the 
data for the wheat-sheep zone of WA for the period ranging from 1953/54 to 1987/88. 
Since 1987/88, however, many changes have taken place in the economic 
environment which might have caused, directly or indirectly, significant structural 
adjustments in WA agriculture. Besides, the production characteristics of the wheat- 
sheep zone may not necessarily be representative of overall farming practices in WA. 
We therefore need more up-to-date and fairly representative estimates for WA 
agriculture, which constitutes the major motivation behind this study. Also, Coelli’s 
(1996) elasticity estimates seem to be implausibly low. Econometric estimates are 
often sensitive to the particular functional forms used to specify production 
technology. Since Coelli (1996) has used a specific functional form, this paper tries 
an alternative function to characterise the production relations in WA. Given that the 
lack of estimates for production parameters for WA, a new set of estimates in this 
paper will most likely make valuable contribution to the understanding of WA
1
agriculture. Furthermore, the study also explores the important empirical and 
theoretical issues involved in modelling the WA agricultural production system.
The rest of the paper is organised as follows: Section 2 starts with a survey of the 
important, relevant literature on modelling agricultural production systems with 
particular focus on Australian agriculture. It then formally specifies the production 
technology of the WA agricultural production system, and lays out the underlying 
theoretical issues. Section 3 briefly describes the data used for the empirical estimates 
of the WA production model. Section 4 discusses various issues involved in the 
estimation technique. It then presents estimates of the important elasticity parameters, 
which are compared with those of the older studies in Section 5. Some concluding 
comments are offered in the final section.
2. SPECIFYING THE WA AGRICULTURAL 
PRODUCTION TECHNOLOGY
One of the distinguishing features of agriculture is jointness1 in its production process, 
which may arise due to, inter alia, interdependent production processes and 
technological interdependence or fixed supply of quantity (not necessarily quality) of 
farm inputs, e.g., land. Often, with given prices of outputs and inputs, farmers have to 
make decisions about the optimal mix of inputs and outputs. Although long 
recognised in theory, joint-production in agriculture is widely appreciated in empirical 
modelling only in recent years (for example, see for Australia, Adams, 1987, Coelli, 
1996, Fisher and Wall, 1990, Lawrence and Zeitsch, 1989, McKay et ai, 1982, 1983, 
Vincent et al., 1980, and Wall and Fisher, 1987; and for overseas, Ball, 1988, Poison 
and Shumway, 1992, Moschini, 1988, Shumway er u/., 1988, Weaver, 1983).
In the case of Australia, two approaches have dominated the empirical modelling 
of agricultural joint-production. One of these presupposes input-output separability 
(Adams, 1987 and Vincent et al, 1980) whereby the optimal mix of outputs is set
There are several definitions of jointness (or its complement, non-jointness). For formal definitions 
of jointness, see, e.g., Kohli, 1983, Laitinen, 1980, Lau, 1972, and Livernois and Ryan, 1989. In 
this study, jointness is used to mean jointness in input quantities and to imply that decisions about 
production of one commodity are dependent on those about the production of other commodities. 
Note that one farm producing many outputs does not necessarily mean jointness in input quantities.
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independently of the optimal mix of inputs and, hence, of input prices. The usefulness 
of the input-output separability assumption is that it simplifies the modelling or 
analysis of the industry. However, two major limitations of this approach are that: 
(i) it is based on the restrictive assumption that individual inputs are non-specific to 
individual outputs so that no input has a comparative advantage in the production of 
any particular output (McKay et al, 1983); and (ii) apart from being a trivial case, it 
forces production to be a joint supply process, not just a multiple-output process 
(Livemois and Ryan, 1989). The alternative approach, which allows for flexible 
production relationships, is based neatly on the theory of duality whereby a second- 
order approximation to the true (although unspecified) profit function is specified and 
estimated (see, e.g., Coelli, 1996, Fisher and Wall, 1990, Lawrence and Zeitsch, 1989, 
McKay et al., 1982, 1983, and Wall and Fisher, 1987). In the latter case, the flexible 
functional forms commonly chosen to specify the joint production in Australian 
agriculture include symmetric generalised McFadden (developed by Diewert and 
Wales, 1987), normalised quadratic (proposed by Lau, 1974, 1976) and transcendental 
logarithmic (propounded by Christensen et al., 1973 and Diewert, 1974) function.2 
These flexible functional forms have been developed for a number of applications of 
applied production theory and no single functional form can be expected to suit all 
purposes of empirical estimation.
In essence, the duality theory of production states that under certain regularity 
conditions, the profit function (for that matter, revenue or cost function) and the 
production function contain the same information about the underlying production 
technology. Therefore, given the assumption of profit maximisation and perfectly 
competitive markets, a joint production system can be characterised by a profit 
function provided that the regularity conditions are satisfied, 
applications, a drawback of characterising the production technology by a joint cost 
function is that it presupposes the output mix to be determined exogenously. A 
variable profit function can circumvent this problem (Livemois and Ryan, 1989).
In empirical
2 Other functional forms such as Cobb-Douglas or Constant Elasticity of Substitution (CES), impose 
restrictive assumptions on the elasticities and are not regarded as flexible.
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In this paper, a short-run profit function is chosen to characterise and estimate the 
WA agricultural production system. The profit function is of the normalised quadratic 
form as follows:
m-l n
n/pra = a0 + Xai(Pi/Pm) + XcciZi
i=l i=m+l
m-l m—1 n n







where, FI denotes the short-run profit (i.e., gross returns minus variable costs; also 
called variable profit); P is the vector of prices of m ‘netputs’ (or ‘net outputs’ 
implying outputs if positive quantity and variable inputs if negative quantity); Z is the 
vector of (n - m) quasi-fixed (i.e., fixed in the short run) inputs and other exogenous 
factors (for example, level of technological know-how); and the as are parameters.3 
Note that the mth netput is the numeraire in the model, and nominal profit and all 
prices are normalised by its price (Pm). The above function is a second-order 
approximation to the true variable profit function. By way of comparison, Coelli 
(1996) has considered the generalised McFadden functional form for the variable 
profit. His profit function is also a second-order approximation to the true variable 
profit function and structurally close to the functional form adopted in this study.
3 The functional form and the chosen arguments of the profit function are based on the following 
optimisation problem of a representative farm:
Let the farm’s short-run production possibilities set be represented by F(Y;Z) = 0 and its profit 
be defined as X^iPi Yi, where, as above, P; is the price of netput Yi, Y is the vector of m
netputs and Z is the vector of quasi-fixed inputs and other exogenous factors. Given a set of prices 
for netputs (characterising competitive markets for outputs and inputs), and fixed factors (such as 
area of land holdings, characterising a short run), we assume that the farm chooses a combination 
output and input quantities so as to maximise its profit. The solutions to this optimisation problem 
of the farm yields netput levels as functions of prices and fixed factors, i.e., Y^ = fi(P;Z) , V i, 
where denotes optimum quantity. Substituting this in the expression for profit yields a profit 
function which has P and Z as arguments, i.e., n^XHiPi Y^ = H*(P;Z) . This function gives 
the maximum profit attainable for any given set of prices of the variable commodities and quantities 
of the fixed factors.
Since the profit function is homogenous of degree one in prices (discussed later), both sides of the 
equation can be normalised by the price of a netput. As the actual functional form of the profit 
function is hardly known, it is approximated by a variety of functional forms including the 
normalised quadratic function as above.
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The regularity conditions for a profit function are:
• Linear homogeneity in prices: The profit function is homogenous of the 
first degree in prices implying that if all prices (of inputs and outputs) 
increase by a constant multiple X, nominal profit (as opposed to 
normalised profit) will go up by the same multiple X.4
A corollary to the above is that the netput supply functions are 
homogenous of degree zero in prices implying unchanged net supplies 
for equal proportionate changes in all prices. That is, netputs can be 
expressed as functions of normalised prices.
• Symmetry: This implies that since the above profit function is continuous 
and twice differentiable, its second-order partial derivatives must be 
invariant to the order of differentiation; i.e., for profit function (1),
Vi,j = l,2,...,(m-1).ttij = Ctji
• Monotonicity: The estimated values for output supply and input demand 
associated with the profit function must be positive at all data points;5 the 
negative quantity makes no economic sense.
• Convexity in prices: The matrix of second derivatives of the profit 
function with respect to prices (A=[aijD, called the Hessian matrix of
price derivatives, must be positive semi-definite. The positive semi- 
defmiteness of the Hessian matrix is also called the curvature condition
for the profit function. Since the second derivative of the profit function 
is the first derivative of the net supply function (discussed later), this 
matrix is equivalent to the underlying substitution matrix the ijth
element of which shows how the net supply of good i changes in
response to a given change in the price of good j.
The choice of the particular functional form in this study is influenced by some of 
its theoretical advantages. The primary advantage relates to the property of global
4 The normalisation process discussed before is based on this property. More specifically, setting X 
equal to (l/pm) yields the normalised profit function as in (1).
5 Estimated values should be negative for inputs if measured as netputs.
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convexity of the profit function. The global convexity is a necessary condition for the 
duality to hold between production and profit. Also, for other purposes such as 
general equilibrium modelling, the underlying profit function should satisfy the 
curvature condition globally. The condition, if violated empirically, as is often the 
case, can be imposed a priori by using the method due to Wiley, Schmidt and 
Bramble (1973). However, Diewert and Wales (1987) show that the normalised 
quadratic and the generalised McFadden are the only two functional forms which 
retain their flexibility when global convexity (the curvature property) is so imposed. 
Furthermore, the normalised quadratic profit function has the advantage of being 
“self-dual” in the sense that the underlying production function is also a quadratic 
function (Lau, 1978). Although other functional forms namely, Cobb-Douglas or 
CES, have this property they characterise more rigid production relations.
The set of net supply equations associated with (1) can be derived by Hotelling’s 
lemma (Hotelling, 1932):
m-1 n
CCi + Xotij(Pj/Pm) + XctiiZj
j=l j=m+l
Yj = aoi/pj / a(Pi/pm) =(2)
Vi =1,2,..., (m-1);
where, Y is a vector of netputs; and the P’s and a’s are as defined above. 
Equation (2) represents an output supply equation when Yj is positive and a variable 
input demand equation when Y; is negative. As can be seen, the equations in (2) are 
linear in normalised prices of outputs and variable inputs, and quantities of quasi- 
fixed inputs and other exogenous factors.
The profit function (1) and the net supply equations given by (2) constitute our 
model for WA agricultural production. The net supply equation for the numeraire
6
(mth netput) can be recovered from equations (1) and (2), and hence is not explicitly 
included in the empirical model. 6
It is to be noted that the output prices here are expected (as opposed to actual) 
prices. The implication for this is that farmers are assumed to maximise expected 
profits subject to the expected output prices. Accordingly, the output supplies and 
input demands can be interpreted as maximising the expected profits.
There are a host of partial elasticity parameters associated with the production 
technology given by (1) and (2). These parameters measure the responsiveness of the 
WA agricultural outputs and inputs to changes in prices, quasi-fixed inputs or other 
exogenous variable such as the state of technology. Estimates of these elasticities can 
provide valuable information for better understanding of and policy formulations for 
the WA agriculture industry.
The elasticity of the supply of the ith netput (Yj) with respect to the price of the 




V i, j = 1, 2,..., (m-1).(3) x —a p : Yi
(Pj/PJ
= ttij x Y
Equation (3) measures own-price elasticity when i = j, and cross-price elasticity when 
i * j. The corresponding elasticities for the numeraire netput can be derived indirectly
6 Recall that the optimum profit can be defined as: n* = 2Xi Pi Y^ • Therefore, the normalised 
profit can be written as fl*/ Pm = X!V Y^(P, / Pm) + Ym > which can be rearranged to yield the
numeraire netput as Ym=n /Pm — Xm* Y^(P,/Pm) • Equations 1 and 2 can therefore define 
the net supply equation for the mth netput.
7









where » V i = 1, 2,..., (m - 1). Elasticities with respect to the
quasi-fixed inputs and other exogenous variables can be derived in a similar way. 8
Because we include the quasi-fixed inputs into our model, all these elasticities are 
to be interpreted as for the short run. Note that the elasticities depend on estimated 
parameters as well as data and, therefore, are likely to differ for each observation. For 
expositional convenience and comparisons with the existing estimates, these 
elasticities are computed at the sample means and will therefore represent the state- 
average for WA. These estimates may not necessarily correspond to any of the data 
points in the sample under consideration.
3. THE DATA
The database used to estimate the model is the ‘farm productivity data’ of the 
Australian Bureau of Agricultural and Resource Economics (ABARE, 1998). These 
data are for 20 years from 1977/78 to 1996/97, and are based on ABARE’s annual 
farm surveys of broadacre industries. Given the relatively short length of the time 
series, the combined time series cross-sectional data at the level of three climatic
7 The property of “linear homogeneity in prices” of a profit function means that for any given netput, 
the sum of price elasticities over the range of prices (j = 1, 2, ..., m) is zero or equivalently,
Xn'tly =—TU , Vi = 1,2,..., m.
8 Another popular set of parameters in production comprises the Allen-Uzawa elasticities of 
substitution. In the event of joint-production with multiple outputs and inputs, Allen-Uzawa 
elasticities are not necessarily the most convenient measures of substitutability. Moreover, they are 
insufficient as a description of the underlying production technology (Lau, 1976b). In such cases, 
the better alternative is provided by own- and cross-price elasticities described above (Lau, 1978). 
Accordingly, this paper does not present estimates of the Allen-Uzawa elasticities of substitution.
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zones are used for our estimation. The three climatic zones are: High rainfall zone 
(HRZ), Wheat-sheep zone (WSZ) and Pastoral zone (PAZ). The agricultural 
characteristics of these zones are described in Islam (1999a). It is useful to be able to 
distinguish these three main zones as they represent different output and input mixes.
ABARE’s ‘farm productivity data’ identifies 12 outputs and 27 inputs. For the 
purpose of our modelling, these outputs are aggregated into five and the inputs into 
three broad groups. The five outputs are Grains, Sheep & lamb meat, Beef-cattle & 
other meat, Wool, and Agriculture n.e.c. The output classification is adopted to 
largely correspond to the various industry programs in Agriculture Western Australia, 
(the government department of agriculture in the State of Western Australia) because, 
as mentioned at the out set, the model will be used to study some of the economic 
issues deemed important by the State department. The two variable inputs are 
Labour, and Materials & services; and the only fixed input is a composite of capital, 
land and livestock inventory. Only a few input aggregates are chosen to conserve on 
the degrees of freedom. For the aggregation scheme under the above input-output 
classification, the Divisia indexing method is used within the SHAZAM software 
package (White, 1993).
The quantity and price data used for estimation are presented in Figures A. 1 and 
A.2 in the appendix. For further details, see Islam (1999b). Column 2 of Table 1 
presents a compressed structure of a representative farm in WA. As can be seen, on 
the output side, Grains (predominantly wheat) clearly dominates contributing about 
half of the value of farm production in WA, followed by Wool. By way of 
comparison, the national output structure is clearly distinct from WA’s. Although 
Grains dominate even at the national level, its national share is significantly less than 
its WA counterpart. On the contrary. Beef-cattle & other meat contribute far more at 
the national level than at the WA level. On the input side, interestingly, WA farming 
appears to be less intensive in primary factor usages than its national counterpart. In 
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a. Average over the 20 year period from 1977/78 to 1996/97. The averages 
might be different from those in Nazrul (1999a) which correspond to a 
different time period.
b. Australia includes Western Australia.
c. Farm size is defined as the land area operated.
d. Estimated on a per hectare basis.





4. THE EMPIRICAL ESTIMATION
For an econometric estimation of the model as represented by (1) and (2), we assume 
a stochastic structure for our model by adding error terms. These terms may be 
viewed as representing the deviations of the observed output supply and input demand 
from their profit-maximising levels due to random errors in optimisation. The error 
terms are assumed to be additive, and to follow a multivariate normal distribution 
with a zero mean and a constant contemporaneous covariance matrix.9
Since the parameters appearing in the netput equations (2) also appear in the 
profit function (1), increased efficiency can be obtained if all these equations are 
estimated jointly. However, after the failure of the initial attempts to estimate the 
model with the profit function included, we have dropped the complex and 
computationally demanding profit equation (1) and proceed with the estimation of the 
six netput equations in (2) only.
The model represented by (2) involves a system of seemingly unrelated 
regressions where contemporaneous correlations across equations are allowed. This is 
reasonable in that the parameters of the model are shared across equations and 
production decisions for one output are likely to be related to those about others. 
However, the application of the Ordinary Least Squares method in this situation 
would result in inefficiency as it would ignore the correlation of error terms across 
equations (Greene, 1997, p. 675). For efficient estimators, Zellner’s estimation 
technique for seemingly unrelated regressions (Zellner, 1962) is employed. We use 
the SYSTEM command in SHAZAM (White, 1993) for the estimation which involves 
the application of iterating feasible generalised least squares (FGLS) estimation to the 
system of equations. The iterating FGLS procedure generates the maximum 
likelihood estimates of parameters (Greene, 1997, p. 691).
9 Recall that the model (represented by equations 1 and 2) does not include numeraire netput 
equation. This avoids the singularity problem for the variance-covariance matrix of the error terms.
Note that netputs (Yj) multiplied by their respective prices (P;), i = 1, 2, ..., m, sum to the
nominal profit (H). Therefore, given the above additivity assumption, the error term appended to 
the nominal profit function will be a linear combination of the error terms appended to the m 
netput functions. The variance-covariance matrix of these error terms is therefore singular, which 
necessitates the deletion of one equation from the model. By construction, we have deleted the mth 
netput equation.
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Because we have pooled time series (1977/78-1996/97) and cross-section (three 
climatic zones), the data are unlikely to represent a homogenous sample due to the 
zonal differences in output mixes and production efficiency in WA. As set out in 
Fuss (1977), there are two ways to deal with this issue: (1) To assume that the 
parameters of the underlying profit function are region-specific. Given the sample 
size, the implementation of this approach has to be limited to the intercept terms in 
order to conserve degrees of freedom. (2) To assume that regional effects are 
stochastic. The error terms in question would, in such case, consist of two 
components - a region-specific component and an overall remainder. There are two 
main competing methods of estimation for such a specification - the covariance 
model and the error component model, 
computationally equivalent to the use of region-specific intercepts as outlined in 
option (1) above. The error component method has, in many cases, more desirable 
theoretical properties than the covariance method. However, Swamy and Arora 
(1972) have conjectured that the covariance estimation method is to be preferred to 
error component method when the sample is small and the number of regions is less 
than 10.
Covariance estimation method is
In this exercise, we have specified a system of output supplies and input demands 
in which all properties of estimators are asymptotic and we have only 3 cross- 
sectional units. Accordingly, we adopt the computationally more convenient 
covariance method in its dummy variable form; i.e., with the intercept term (a, X 
incorporating two regional dummies in equations given by (2). As discussed above, 
this will adequately deal with both the parameter and stochastic variation approaches 
to the pooling problem.
Furthermore, we incorporate time as a proxy for the state of technology. In the 
absence of any empirical evidence to the contrary, in this paper we have tried one- 
year lagged price as a proxy for the expected output price. Several other alternative 
proxies for expected output prices are tried including the two-yearly as well as three- 
yearly moving averages of actual prices. It has turned out that the one-year lagged 
output prices fit the model better in terms of having the correct signs for the maximum 
number of estimated parameters (associated with own prices) as well as having the 
maximum number of statistically significant parameters.
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The parameters estimated using the one-year-lagged output prices are given in 
Table 2 while Table 3 presents the elasticities of output supply and input demand with 
respect to prices. As can be seen, the estimated own-price elasticities for Beef-cattle 
& other meat and Materials & services do not have the correct sign.10 Furthermore, 
the estimated profit function violates the necessary curvature property: The Hessian 
matrix of the second order partial derivatives of the function (A=[aij]) is not positive
semi-definite with two eigenvalues of the matrix being negative and, therefore, the 
profit function is not convex in prices.11
To overcome the above twin problems, we proceed to impose the semi- 
definiteness conditions on the model using the k-column-triangular-decomposition 
technique following Diewert and Wales (1988). This involves:
(i) Defining the Hessian matrix of the second order partial derivatives of the 
profit function, A, as:
A=BBt
where
B=y and 0^=0, for l<i<j<(m-l) and
for j=k + l,...,(m-l) when k<(m-l).
BT is the transpose matrix of B, which is a lower-triangle matrix of order 
(m-l)x(m-l) with zeros in its last (m - 1 - k) columns. Note that our model 
comprises five outputs and two variable inputs so that m = 7. Therefore, we 
can set k = 1, 2, ..., 6.
(ii) Estimating parameter instead of , V i,j.
10 As can be seen from (1) and (2), of the four regularity conditions for the profit function outlined 
before, homogeneity in prices (through the price-normalisation process) and symmetry (i.e., 
Vi, j = 1,2,..., m-1) are built into the model and hence cannot be tested. The other(Xij — OCji
two viz., monotonicity (the non-negativity of the estimated quantities of output supply and input 
demand at all data points) and convexity (positive semi-definiteness of the Hessian matrix of price 
derive ives) are tested.
11 The renvalues of the Hessian matrix are 2.31,1.76, 1.28, .05, -1.22 and -1.63.
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TABLE 2







Grains Sheep & 
Lamb 
meat








0) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
1. Grains 1.95 .35 .08 .34 .20 .68 3.68 -.03 -4.37 -5.16 -.49
(.46) (.57) (.12) (1.62) (.33) (1.77) (.61) (-.16) (-2.50) (-3.46) (-.06)
2. Sheep & 
lamb meat 1.44 17 10 .04 16 -1.55 .11 -.62 -.29 .53
(2.74) (-.40) (-.58) (-07) (-.47) (-2.30) (4.64) (-3.69) (-1.75) (.53)
3. Cattle & 
other meat -1.42 .09 .01 .30 -.78 .02 .13 1.64 2.49
(-2.10) (.54) (.02) (-80) (-.91) (.66) (.63) (7.73) (1.92)
4. Wool .71 -1.17 17 .32 .01 -.04 .08 .90




.23 -.69 -.94 .06 -.46 .00 2.53
(-13) (-•73) (-1.71) (2.79) (-3.22) (.03) (2.47)
6. Material & 
services -.37 -.46 -.03 .44 .31 -.40
(-.36) (-1.25) (4.69)(-1.91) (3.42) (-•47)
1. Iterative seemingly unrelated regression estimates.
2. Asymptotic t-statistic is given in parenthesis.
3. System-wide goodness of fit measure (McElroy, 1977): R2 = .98.
4. Breusch-Pagan LM test (Breusch and Pagan, 1980 ) for diagonal covariance matrix: x2 (15) = 102.5. The 1 percent critical value is 30.58, so the hypothesis that 
the covariance matrix is diagonal can be rejected.
5. The hypothesis that none of the parameters is significantly different from zero is rejected on the basis of the estimated value of 
X2 (45) = 223.









Quantity (1) (2) (3) (4) (5) (6)
1. Grains .64 .10 .02 .06 .05 .20




1.12 13 -.05 .03 13
.06 10 -.85 .03 .01 .19
.37 -.09 .08 .43 -1.00 17
5. Agriculture 
n.e.c.
6. Materials & 
services
.19 .03 .01 -.62 .17 -.58
-.69 .14 -.26 .10 .55 .33
Notes: 1. Price elasticity is estimated at the sample-means for price and quantity using the 
formula: T|ij =OCij(Pj/Pm)/Yi (see the relevant text for further details).
2. Materials & services are presented as an input and not negative netput. 
Accordingly, to estimate the elasticities in row 6, the underlying parameters (ay) 
in Table 2 (row 6) are multiplied by - 1.
To illustrate the transformation of a’s into P’s as a result of the above 
decomposition technique, we use k = 5. The corresponding B matrix thus becomes:
Pi. 0 0 0 0 0
p22 0 0 0 0
P32 P33 0 0 0
P42 P43 P44 0 0
P52 P53 P54 P55 0








the associated A=BBT matrix, therefore, becomes:
pf, Pi 1^2! Pi lP31 PllP41 Pi iPsi
P21P51+P22P52 
PsiPsi +P32P32 P33P53 
P41P51 + P42P52 + P43P53 + P44PS4 
Pll + PL + P53 + P54 + Ps5
PiiPai
P21P6I + P22P62 
P31P6I +P32P62 + P33P63 
P41P6I + P42P62 + P43P63 + P44P64
P51P61+ P52P62 + PssPds + P54P64 + PssPes 
Pei+ Pm + Pm + Pi»+ Pis
p21+p22P11P21 
P11P31 P21P3I+P22P32
P21P31 +P22P32 P21P4I+P22P42 
P31P41 P32P42 P33P43 
P;. + P42+P43+Pi4
Psi + PL + P33
Pi 1P4I P21P4I + P22P42 P31P4I + P32P42 + P33P43 
Pi iPsi P21P5I ^ P22P52 P31P51 P32P52 P33P53 P41P51+P42P52+P43PS3 + P44PS4 
.PllPei P21P6I + P22PM PsiPfil + P32P62 + P33P63 P4iP61+P42P62+P43P63+P44P64 PsiPei + P52P62 + PssPeS + P54P64 + PssPeS
With k = 1, the decomposition method reduces the ijth element of the A matrix to
aij=PnxPji-
Note that the k-column decomposition method makes the equations in (2) non­
linear in (3’s so that non-linear regression methods need to be used to estimate the 
output supply and input demand equations. Again, we use Version 7.0 of SHAZAM 
(White, 1993) for the estimation.
One limitation of the non-linear estimation method is that the convergence of the 
model for any given set of initial values for its parameters refers to a local optimum. 
The model should be re-estimated using different sets of initial values for the 
parameters and verify for the global optimum (White, 1993).
The estimated elasticities
Table 4 presents own-price elasticities estimated using the k-column decomposition 
method, with k = 1, 2, ..., 6. As can be seen, there is a general tendency for the 
elasticities to increase in absolute value as k increases. Even though the magnitude of 
the own price elasticities does not seem to change after the 4-column decomposition 
(i.e., when k = 4), it is from the 5-column decomposition (i.e., with k = 5) when the 
underlying structural parameters (p’s) seem to remain invariant with regard to both 
signs and magnitudes (see Table A.l in Appendix 1). In what follows, therefore, we 
are analysing the estimates based on the 5-column decomposition technique.12
12 A more sophisticated method such as the Matrix Approach to Simulation (Clements et al. 1998) can 
be used to choose an optimal value for k.
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TABLE 4
1.2OWN-PRICE ELASTICITIES OF OUTPUT SUPPLY AND INPUT DEMAND: WA
Number of non-zero columns in matrix B3
1 2 3 4 5 6
1. Grains .01 .02 .13 1.23 1.23 1.23
2. Sheep & lamb .94




6. Materials & 
services4
7. Log- likelihood 
value5
1.15 .95 1.11 1.11 1.11
.02 .03 .02 .02 .02
1.10 .52 .52 .53 .53 .53
.77 1.33 2.70 3.59 3.59 3.59
-2.59 002 -1.37 -1.62 -1.62 -1.62
-249.8 -241.7 -239.0 -237.5 -237.5 -237.5
Notes: 1. Elasticities are estimated at the sample means.
2. The underlying parameters of the model are estimated using the non-linear regression 
technique with the initial values of one. Table A. 1 presents the estimated parameters.
3. Number of non-zero columns is given by the value of k = 1,2,..., 6.
4. Materials & services are presented as an input and not negative netput.
5. Diewert and Wales (1988) find that for larger value of k (i.e., for greater number of non­
zero columns in matrix B), the log likelihood value of the estimated model tends to be 
bigger. This is expected because the number of parameters estimated goes up with the 
value of k.
We have obtained a second set of elasticity estimates for our 5-column model 
with non-zero initial values for the zonal dummy coefficients and intercepts and zero 
for all other. The values for the zonal dummy coefficients and intercepts are chosen 
such that they sum to the mean of the dependent variable. The estimated parameters 
for different sets of initial values appear to be sensitive beyond four decimal places 
and, therefore, can be regarded to correspond to a global maximum. Likewise, the 
elasticity estimates remain more or less invariant to the sets of initial values.13
Table 5 presents the own- and cross-price elasticities based on the 5-column 
decomposition model. It can be seen that except for Sheep & lamb and Wool, the
13 We have carried out the monotonicity test for our 5-column model. For the monotonicity condition 
to hold, as mentioned earlier, the estimated quantities of output supply and input demand must be 
positive at all data points. Except for nine data points (one for Grains, six for Sheep & Lamb, two 
for Agriculture n.e.c.), the condition is satisfied. Recall that, by construction, other properties of the 
profit function namely homogeneity, symmetry and convexity, are satisfied.
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own-price elasticities are significantly larger than those obtained from the less 
constrained estimates in Table 3. As regards the cross-price elasticities, even though 
these remained very low in general, half of them changed signs between the two sets. 
The cross-price elasticities between Agriculture n.e.c. and Materials & services have 
increased significantly from before - from -.58 and .55 in Table 3 to -2.10 and 
1.94 in Tables.
TABLES
PRICE ELASTICITIES OF OUTPUT SUPPLY AND INPUT DEMAND: 
THE FIVE-COLUMN DECOMPOSITION MODEL
Price Grains Sheep Beef-cattle Wool Agriculture Materials Labour
n.e.c.& lamb & other &
Quantity services
(1) (2) (3) (4) (5) (6) (7)
1. Grains 1.23 .07 -.07 .05 11 .25 -1.42
(0.91) (0.13) (0.12) (0.03) (0.12) (0.10) (0.95)
2. Sheep & lamb .25 1.11 -.05 .01 -.28 .15 -1.19
(0.18)
3. Beef-cattle & other -.18 
(0.31)
(0.32) (0.21) (0.07) (0.33) 0.25 (0.45)
-.04 .02 .04 -.10 -.01 .27
(0.15) (0.04) (0.05) (0.19) (0.16) (0.33)
4. Wool .31 .01 .10 .53 -1.33 .43 -.05
(0.19) (0.12) (0.11) (0.11) (0.42) (0.30) (0.23)
5. Agriculture 
n.e.c. -.28-.40 14 -.84 3.59 -2.10 .17
(0.45) (0.33) (0.28) (0.27) (1.38) (0.85) (0.42)
6. Materials & 
services -.86 14 .01 -.25 1.94 -1.62 .92
(0.34) (0.24) (0.22) (0.18) (0.79) (0.67) (0.32)
4.67 1.067. Labour -.35 .03 15 -.88 -4.38
(3.12) (0.40) (0.42) (0.13) (0.37) (0.41) (3.40)
Notes: 1. Asymptotic standard errors are given in parentheses.
2. Own-price elasticities, given in the principal diagonal, correspond to the entries in 
column 5 of Table 4.
3. Elasticities for labour (row 7) are estimated using equation (4).
4. The underlying parameters of the model are estimated with initial values set equal 
to one. Elasticity estimates appear to be insensitive to alternative sets of initial 
values.
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While almost all cross-price elasticities are considerably smaller than one, most 
own-price elasticities are larger than one (Table 5). An elasticity greater than one 
implies that for a given price change, the netput supply adjusts more than 
proportionately. According to our estimates, the own-price elasticity for Grains is 
1.23 implying that a 10 percent change in the expected price of grains will induce a 
12.3 percent change in the supply of grains provided that other prices remain 
unchanged. As a result, total revenue from Grains production will change more than 
proportionately. The opposite will occur if the own-price elasticity is lower than one 
as in the case of Wool and Beef-cattle & other meat.
The elasticities for Wool are of particular importance in view of the collapse of 
the Reserve Price Scheme and the declining world prices for wool in recent years. 
We have estimated a value of .53 for the own-price elasticity of wool, which means 
that a 10 percent fall (or rise) in the expected price of wool will induce only a 5 
percent decline (or increase) in wool production. In other words, WA farmers are not 
likely to reduce their sheep flocks significantly in response to any sharp fall in the 
wool price alone. As a result, woolgrowers may incur significant losses. However, it 
must be emphasised that the estimate of .53 is the value for the partial own-price 
elasticity of Wool. That is, the estimated supply response of the woolgrowers to 
changes in wool prices is based on the assumption that no other output or input prices 
change. If, however, there are also offsetting changes such as a rise in Grains price or 
a fall in price of Agriculture n.e.c. (further discussed later) or both, WA farmers may 
be able to avoid or lessen the revenue losses.
In view of the jointness in farm production, the signs of the cross-price elasticity 
for output supply represent the relationships between the outputs concerned - a 
positive sign implies complementarity while a negative sign implies substitutability. 
As can be seen from Table 5, most of the cross-price elasticities are estimated to be 
very small indicating only a modest degree, if any, of complementarity or 
substitutability between various outputs. Nevertheless, a few interesting findings can 
be noted here: (i) Though modest, there is a complementarity between Wool and 
Grains production; (ii) Agriculture n.e.c. seems to be competing with all other four 
outputs; and (iii) In particular, there is strong substitutability between Wool and 
Agriculture n.e.c. Our estimates show that, if no other prices change, a 10 percent 
fall in the price of wool will induce a 8.5 percent increase in the supply of Agriculture
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n.e.c. In contrast, a 10 percent increase in the price of Agriculture n.e.c. will induce a 
13.3 percent reduction in the supply of Wool.
5. COMPARISON WITH PREVIOUS STUDIES
We compare our estimates with those of some earlier studies. Table 6 presents the 
price elasticities estimated by Coelli (1996) for WA. As can be seen from the table, 
the estimated own-price elasticities are significantly less than one. They are also 
markedly less than the corresponding estimates of this study (Table 5).14 Such a
TABLE 6
PRICE ELASTICITIES ESTIMATED FOR WA BY COELLI3





0) (2) (3) (4) (5) (6)
1. Crops
2. Sheep
3. Other agriculture -.006
4. Materials & 
services
5. Labour
-.100.487 .005 135 -.295
-.086 .041 009 .015 .071
-.013 .027 -.059 .016
.139 -.018 .048 -.238 -.052
.266 -.075 -.011 .046 -.323
Notes: a. The underlying profit function is of the Generalised McFadden form with the 
curvamre conditions imposed using the decomposition technique (for the 
maximum value of k) similar to that employed in this study.
The data used for estimation were from 1952/53 to 1987/88 for the wheat-sheep 
zone of WA, taken from the Australian Agricultural and Grazing Industries Survey 
conducted by ABARE.
b. Crops include wheat, barley and oats.
c. Wool and sheep.
d. Other agriculture includes Beef-cattle & other meat.
e. Of the five input groups (viz. Livestock, Materials & services. Labour, Capital and 
Land) modelled in the study only two are reported above. Unlike our study, no 
input is considered fixed. Accordingly, these estimates correspond to a long ran.
Coelli (1996).Source:
14 Also note that, unlike our estimates, Coelli’s elasticities correspond to a long run. In theory, the 
long-run elasticities should be as large as the short-run elasticities.
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difference may occur due to differences in the netput classification, the functional 
form or in the database used. Given the differences in netput classification, the cross­
price elasticity estimates cannot be compared strictly.
Comparing with the national estimates for own-price elasticities for outputs given 
in Table 7, our estimates are found to be greater for Sheep, Wool and Agriculture 
n.e.c. However, for Grains and Beef-cattle & other meat, the national estimates are 
significantly bigger than the estimates of this study.
TABLE?
COMPARISON WITH THE NATIONAL ESTIMATES 
OF OWN-PRICE ELASTICITIES3
This studyb FW VDP MLV
0) (2) (3) (4) (5)
Pastoral zone
Grains
Sheep & lamb 





Sheep & lamb 





Sheep & lamb 


















Notes: a. FW = Fisher and Wall (1990); VDP = Vincent, Dixon and Powell (1980) and 
MLV = McKay, Lawrence and Vlastuin (1983). The estimates in these studies 
correspond to agriculture of Australia as a whole or to a selected agricultural zone 
or region, and are based on different models as well as time periods.
b. The state-average for WA.
c. Wheat.
d. Wool and sheep.
e. All crops.
f. Beef-cattle and other outputs.
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6. CONCLUSION
The paper presents a disaggregated production model for WA agriculture, estimated 
adopting the profit function approach.
Rather than relying on some ad-hoc output-supply and input-demand equations, 
the production technology is specified using relevant economic theory. The estimated 
model is constrained to preserve the fundamental laws of production economics. 
Accordingly, the theoretical properties of a profit function viz. homogeneity, 
symmetry and convexity are imposed on the model while the property of 
monotonicity is tested.
The paper gives estimates of partial elasticities of output supply and input 
demands with respect to prices. In general, these estimates appear to be larger than 
those in Coelli (1996) for WA. The differences may be attributed to the different data 
sets, input-output classifications as well as the different functional forms used in the 
two studies. If anything, our estimates suggest that WA agriculture is more flexible to 
price changes than suggested by Coelli.
Our estimate of the own-price elasticity for Grains (predominantly, wheat) is 
1.23. This implies that, given a 10 percent increase in the price of Grains with no 
changes in prices of inputs or other outputs, farmers will increase the production of 
Grains by about 12.3 percent. The comparable national estimate (for wheat) is, 
however, twice as big. This may be attributed to varying climatic conditions and farm 
practices in WA compared to those in the rest of Australia. One parameter of 
particular importance is the own-price elasticity of wool production. Our estimate for 
this is .53 which, although higher than the national estimates, is still significantly less 
than unity. A sharp fall in wool prices, with no offsetting changes in prices of other 
outputs and inputs, may lead to significant revenue losses for WA woolgrowers.
The estimated elasticities capture the links between outputs, inputs and their 
prices in WA and therefore provide economically useful information. In particular, 
these estimates can be used to quantify the likely adjustments would take place m 
the planned outputs in response to any expected change rices of outputs and
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inputs. However, the estimates should be used with care in view of the assumptions 
that underlie the model.
The study does not consider the interactions of the WA agricultural sector with 
the rest of the state economy. In view of the importance of the agricultural sector in 
the state economy, such interactions are important and should be incorporated for 
quantifying the general-equilibrium (as opposed to partial-equilibrium) supply 
responses. However, the estimated agricultural model with its strong empirical basis 
will be a valuable input into a general-equilibrium model for WA.
One may find the estimation technique used in this paper quite complex. Much 
of this was due to sustaining the high-level formal structure of the underlying 
In our attempt to validate the production theory, we have 
generated a number of alternative sets of estimates, of which one is chosen for 
analysis. There are more sophisticated methods of choosing the appropriate set of 
estimates. One such method is the Matrix Approach to Simulation (MAS) proposed 
by Clements et al. (1998) can be applied to the alternative model specifications in this 
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QUANTITY AND PRICE DATA FOR OUTPUTS AND INPUTS
AND
ESTIMATES OF THE k-COLUMN DECOMPOSITION MODEL
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FIGURE A. I
QUANTITY OF OUTPUTS AND INPUTS IN THREE WA ZONES
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FIGURE A.2
PRICE TRENDS OF OUTPUTS AND INPUTS IN THREE WA ZONES
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TABLE A. 1
ESTIMATES OF THE MODEL BASED ON k-COLUMN DECOMPOSITION 1
Number of non-zero columns in matrix B2'3
1-column 2-column 3-column 4-column 5-column___  ________ ________ ________ 6-column
Coefficient Estimate t-ratio Estimate t-ratio Estimate t-ratio Estimate t-ratio Estimate t-ratio Estimate t-ratio



























-.66 39 .14 .52 14 49
P31 -.08 .23 .09 .39 -.13 -.60
.15 1.51
.13 .57 .13 .54
p41 -.81 -1.09
1.27 1.29
.33 -1.27 15 -1.46 15 -1.33
Ps. 1.39 1.66 .22 .80 .22 .86 .22 .79
p61 -.02 06 45 -2.03.04 .09 -1.08 -1.98 .45 1.92 45 -1.79
3.99 .67 3.94 .73 3.89 .72 3.41 .62Ctzi 3.41 .64 3.41 .58
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P32 17 .64 .04 .17 .04 .15
P42 46 .36 .01 .05 .01 .04
P52 .51 .25 .88 .50 29 80 .29 .84 .29 .76









-1.13 -1.69 -1.53 -2.38
.12 5.00
CXZ2
.03 2.04 .12 5.28an
1.05 1.47 1.18 1.49 1.34 1.64 1.47 1.57«3 1.47 1.46
Z13 .64.14 .63.14 .14 .62 .15 .67 .15 .70 .68.15
1.72 7.84 1.72 7.73 1.72 7.53
14 -1.04
-.93 -6.21
Z23 1.72 8.13 7.90 1.72 7.811.72






P53 1.60 .77 -1.60 -.81
p63 -.22 -.39 -.33 -.21 .33 .20 .33 .18
55 78 -.52 -.71
.04 1.58
-.51 -.72 .50 64az3 50 -.68 .50 62
.04 2.67 .03 1.34 .03 1.35an .03 1.29 .03 1.26
.70 2.12.75 2.44 .56 1.53 .41 1.25ou .41 1.25 .41 1.18
-.05 -.91
.08 1.56
Z[4 -.61-.03 -.04 70 04 .77 -.05 .94 -.05 94
Z24 .08 1.71 .08 1.66 .08 1.55 .08 1.52 .08 1.62
p44 -.07 .06 .07 .06 .07 .05
P54 1.54 .76 -1.54 .68 -1.54 -.70
1.24 2.04-1.24 -2.09P&4 1.24 1.61
















1.37a5 1.75 1.37 1.64
-.39 -2.68Z15 39 -2.66
Z52 -.01 05 -.01 10 -.01 10
Pss .01 .00 .00 .00



























Z16 3.85.39 .39 3.89











-.01 98 -.01 .85ars
Notes: 1. The parameters of the model are estimated using the non-linear regression technique with the 
initial values of one.
3. Number of non-zero columns is given by the value of k = 1, 2, ..., 6. 
imply that the corresponding estimates are statistically significant at 5 percent level of 
significance.
2. One-year lagged output prices are used for price expectation.
4. The shaded t-ratios
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